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Abstract 


With the recent breakthrough in the development of the New Rice for Africa (NERICA) for upland 
production systems and the high demand for rice, farmers’ interest in growing upland rice has 
increased. The objective of this experiment was to determine appropriate nitrogen fertilizer application 
timing for NERICA-4 and Japanese Toyohatamochi upland rice varieties. This experiment was done at 
Tsukuba International Center, Japan, from May to October 2014. Nitrogen was applied at the rate of 60 
kg/ha in splitting. The nitrogen application times were *% at sowing + % at early tillering, 2 at sowing + 
% at active tillering, % at sowing + % at panicle differentiation and ‘2 at sowing + % at active tillering + 
% at heading date. Factorial RCB design with three replications was used. The varieties were 
investigated for establishment, plant height, tiller number, SPAD value, dry matter, nitrogen content, 
thousand grain weight, panicle number, spikelet number, ripening ratio, and paddy yield. At 116 days 
after sowing application of %% at sowing + % at early tillering and % at sowing + % at active tillering gave 
the tallest plant length, 100cm and 96cm respectively (P<0.05). At active tillering stage toyohatamochi 
rice variety gave the highest stem dry mater (183g/m*) where as at maturity stage variety NERICA-4 
gave the highest stem dry matter (596g/m’). 60 kg/ha nitrogen split application *% sowing+ % at early 
tillering and % at sowing + % active tillering gave the highest value of number of panicles/m’?, number of 
spikelets/panicle and paddy yield (5 tone/ha). 
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INTRODUCTION 


Rice (Oryza sp.) is the principal staple food in the diet of 
more than half of the world population and its grain 
production exceeded only by that of Wheat and maize 
(FAO, 2004). With the recent breakthrough in the 
development of the New Rice for Africa (NERICA) for 
upland production systems and the high demand for rice, 
farmers’ interest in growing upland rice has increased. In 
Ethiopia, rice has become one of the most important 
crops whereby its production and area coverage increase 
every year (Tesfaye et al., 2005). 

Nitrogen is one of the most yield limiting nutrients for 
annual crops around the world and its efficient use is 
important for economic’ sustainability of cropping 


systems. Furthermore, the dynamic nature of N and its 
propensity for loss from soil-plant systems creates a 
unique and challenging environment for its efficient 
management (Fageria and Baligar 2005). 

The proper time and methods of nitrogen fertilizer 
application depend of several factors such as climatic 
conditions, soil texture, permeability and water 
management. Increasing the fertilizer use efficiency is 
very important, particularly in developing countries where 
the cost of fertilizer is rather very high and increasing. 
Nitrogen fertilization and proper time of its application is 
the major agronomic practice that affects the yield and 
quality of rice crop, which requires as much as possible 
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Figure 1. Temperature, precipitation and solar radiation of the experimental site 


at an early and mid tillering stages to maximize panicle 
numbers and during reproductive stages to produce more 
number of spikelets per panicle and percentage filled 
spikelets (Lampayan et al., 2010) . 

Utmost care should be bestowed in selecting the type 
of fertilizer as well as the timing and method of 
application. Different nitrogen fertilizer application time 
recommendations are given for various rice production 
systems. In North Western Amhara region farmers apply 
urea fertilizer in two splits, at sowing and during early 
tillering stage which is assumed to be utilization of the 
applied fertilizer by the crop at early tillering stage are 
very low. 

Therefore, to increase the yield and nitrogen use 
efficiency by the crop, it is necessary to apply fertilizers 
when the crop is active to take the applied fertilizer. 
Therefore, the objective of this experiment is to 
determine appropriate nitrogen fertilizer application timing 
for upland rice production. 


MATERIAL AND METHODS 


The experiment was conducted at Japan, Tsukuba 
international center from April to October 2014. The 
experimental soil has slightly acidic nature (P" (H2O)=5.2) 
with optimum total nitrogen content (0.23%). 

The experiment was conducted on the rainy season of 
the area. The weather results showed that there was high 
temperature in end of July and start of august, during the 
heading date of the varieties (fig 1). 


Two varieties namely NERICA-4 and Japanese 
Toyohatamochi upland rice were used. Nitrogen was 
applied at the rate of 60 kg/ha in splitting. The two 
varieties were factorial combined with four nitrogen 
application times. 

The application times were:- 

N applied % at sowing +1/2 at early tillering 
. Napplied % at sowing +1/2 at active tillering 
N applied % at sowing +1/2 at panicle differentiation 
N applied 4% at sowing +1/4 at active tillering + 1/4 at 
heading date 
Factorial RCB design with three replications was used. 
The gross plot size was 4.05mx3m (12.15m’) and the 
total experimental site size will be 26.2m x14.5m 
(379.9m*). For all plots, 100 kg/ha P20; and 80 K,0 were 
applied for P and K sources respectively. All phosphorus 
and 75% of the potassium were applied at basal where 
as applied the rest of the potassium fertilizer was applied 
at 20 days before heading of each variety. 


PWONP 


Seed Preparation and Sowing 


A seed rate of 40kg/ha was used for the two varieties. 
Seeds from these varieties were selected using 1.0 
specific gravity by water. The seeds were then soaked in 
Benreto-T (Thiuram 20%-Benomyl 20% powder) 
fungicide for 10 minutes to avoid seed borne diseases. 
The seed was dried and coated with KIHIGEN (TMTD 
80%) bird repellant. The seeds were sown in 0.45m row 
spacing by drilling with a depth of at about 2-4cm. On the 


Table 1. Heading and Maturity Days 
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Varieties Heading days Maturity days 
Toyohatamochi 86> 114° 
NERICA4 97a 142a 
LSD (5%) 1.02 0.74 
significance "oe 7 
N timing 
S+ET 90.8> 126.5¢ 
S +AT 90.2> 126.7¢ 
S+PD 92.54 129.2 
S+AT+H 93.7? 130.72 
LSD (5%) 1.4 1.03 
significance mere oe 
Variety X N timing ns ns 
CV (%) 1.23 0.65 


Means within a column followed by same letter/s are not significantly different at p<0.05. 

*: significantly different at 0.05 probability; ns: no significant difference at p<0.05. 

S+ET; % sowing+ % at early tillering, S+AT; % at sowing + % active tillering, 2 sowing + % panicle 
differentiation and %2 sowing + ™% at active tillering + % at heading. 


third day of sowing, herbicide (GO-GO-SAN) was applied 
for weed control. 


Investigation Items 


Seedling establishment, tiller number/m?, plant height, 
SPAD value (chlorophyll content), dry matter and 
nitrogen content in the plant were recorded and 
evaluated (Gomez and Gomez, 1984). Panicle 
number/m’, spikelet/panicle, percentage of ripened 
grains, thousand grain weight, paddy grain yield were 
investigated at maturity as yield components of the rice 
varieties. Mean separation was made according to fishers 
LSD at 5% probability levels. 


RESULTS AND DISCUSSIONS 
Seedling Establishment 


The analysis of variance (P<0.05) showed that there was 
significance difference in seedling establishment on 
variety. Variety NERICA-4 gave the highest seedling 
establishment (95.3%) than the Japanese variety (68.6%) 
But there was no significance difference on timing of 
nitrogen application and even, the interaction effect of 
variety with nitrogen application timing. May be it comes 
from the size of the seed of the variety. Variety 


toyohatamoch has big seed when compared to NERICA- 
4. 


Heading and Maturity Days 


Variety toyohatamochi took shorter heading and maturity 
days when compared with NERICA-4 (Table 1). This 
difference comes from the genetic characteristics of the 
varieties. Time of nitrogen fertilizer application timing also 
showed significance difference on heading and maturity 
days (P<0.05). The shortest days obtained from 
application of nitrogen fertilizer 42 at sowing + % at early 
tillering and % at sowing + % at active tillering stage (90 
days for heading and 126 days for maturity). The late 
application time of N_ fertilizer may extend the 
photosynthesis period of the plant and this leads to 
extend the date of heading and maturity. But there was 
no significance difference on the interaction effect of 
variety with nitrogen fertilizer application timing. 


Tiller Number 


The analysis of variance at p<0.05 showed that there was 
significant difference among the varieties. NERICA-4 
gave the highest number of tiller number Im’. For 
Japanese Toyohatamochi upland rice variety application 
of nitrogen fertilizer 4% at sowing +% at early tillering 
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Table 2. Leaf Area Index at Panicle Differentiation and Heading Stage 


Varieties LAI at PD LAI at Heading 
Toyohatamochi 3.16 2.885 
NERICA 4 2.97 4,44a 

LSD (5%) 0.82 0.49 

significance ns he 

N timing 
S+ET 4.064 4.454 
S +AT 2.525 3.882 
S+PD 2.67 3.22bc 
S+AT+H 3.02 3.08°¢ 

LSD (5%) 1.17 0.69 

significance * a 

Variety X N timing ns os 

CV (%) 30.7 15.22 


Means within a column followed by same letter/s are not significantly different at p<0.05. 

*: significantly different at 0.05 probability; ns: no significant difference at p<0.05. 

S+ET; % sowing+ ¥% at early tillering, S+tAT; 42 at sowing + % active tillering, “% sowing + % 
panicle differentiation and 42 sowing + % at active tillering + %4 at heading. 


stage gave the highest number of tillers. Whereas for 
NERICA-4 variety application of % at sowing + % at 
active tillering and 4% at sowing + % at early tillering gave 
highest number of tiller number/ m?’. Interaction effect of 
the varieties and time of N application did not have any 
Interaction effect. 


Plant Length 


The result revealed that there was significance difference 
on the time of nitrogen fertilizer application starting from 
51 days after sowing on plant length. At 116 days after 
sowing application of % at sowing + % at early tillering 
and % at sowing + ¥% at active tillering gave the tallest 
plant length, 100cm and 96cm respectively. Whereas the 
shortest plant length was recorded from application of 
nitrogen fertilizer % at sowing + % at panicle 
differentiation stage (91 cm). Early application of nitrogen 
fertilizer may help the plant to get competency to take 
more nutrient and solar radiations. This lead for the tall 
plant length. In addition variety NERICA-4 gave the 
highest plant length at 116 days after sowing which was 
101cm, whereas toyohatamochi gave short plant length 


(89cm). However, there was no _ interaction effect 
between variety and timing of nitrogen fertilizer 
application. 
SPAD Value 


Result Showed that Japanese rice variety toyohatamochi 


gave the highest SPAD value (48) at 88 days after 
sowing. In contrast variety NERICA-4 gave the lowest 
SPAD value which is 40. This attributed to the response 
of the variety for the nitrogen application. However, there 
was no interaction effect between variety and timing of 
nitrogen fertilizer application 


Leaf Area Index 


Leaf area was taken at two stages of the crop, at panicle 
differentiation and heading stage. At _ panicle 
differentiation stage there was no significance difference 
on variety and interaction effect of variety with timing of 
nitrogen fertilizer application. However there _ is 
significance difference on timing of nitrogen fertilizer 
application at p<0.05 (Table 2). Fertilizer application % at 
sowing + % at early tillering stage gave the highest leaf 
area index. These may attributed with the number of tiller 
in a given area. In similar way at heading stage the 
highest leaf area index was recorded at early application 
of nitrogen fertilizer application. 


Dry Matter Production 


Rice varieties responded differently in stem dry matter 
production at active tillering and maturity stage. At active 
tillering stage toyohatamochi rice variety gave the highest 
stem dry mater (183g/m’) where as at maturity stage 
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Table 3. Nitrogen Content at Panicle Differentiation and Maturity stage 


Panicle Differentiation Maturity 
(gmN/m2) (gmN/m7) 
Varieties Stem Leaf blade Stem Leaf blade panicle 
Toyohatamochi 2.428 4.46 1.99 1.21 6.94 
NERICA 4 1.79» 4.13 2.52 1.26 6.77 
LSD (5%) 0.556 1.28 0.577 0.34 1.54 
Significance * ns ns ns ns 
N timing 
S+ET 2174 5.974 2.49 1.36 7.33 
S +AT 1.992 3.82> 1.96 1.07 6.46 
S+PD 15S? 3.21 2.31 1.29 7.03 
S+AT+H 2.12% 4.14> 2.25 1.22 6.54 
LSD (5%) 0.78 1.80 0.82 0.47 2.18 
significance . ‘g ns ns ns 
Variety X N timing ns ns ns ns ns 
CV (%) 30.09 33.9 29.2 30.98 2072 


Means within a column followed by same letter/s are not significantly different at p<0.05. 

*: significantly different at 0.05 probability; ns: no significant difference at p<0.05. 

S+ET; % sowing+ ¥% at early tillering, S+AT; 12 at sowing + % active tillering, “2 sowing + % panicle 
differentiation and %2 sowing + ™% at active tillering + 14 at heading. 


variety NERICA-4 gave the highest stem dry matter 
(596g/m’). This may be because of the number of tiller 
per unit area. 

Hence, application of % sowing+ % at early tillering 
nitrogen fertilizer gave highest dry matter of stem and leaf 
at early tillering stage. But at maturity stage there was no 
significance difference on the difference nitrogen fertilizer 
application timing. Generally there was no interaction 
effect on variety with timing of nitrogen fertilizer 
application. 


Nitrogen Content 


Results from Table 3 showed that the nitrogen content at 
panicle differentiation stage was affected by difference on 
time of nitrogen fertilizer application. Nitrogen fertilizer 
application % sowing+ % at early tillering gave the 
highest nitrogen content in stem and leaf at panicle 
differentiation stage, 2.77 and 5.97 gm N/m* respectively. 
Whereas, at maturity stage there were no significance 
difference on varieties, timing of nitrogen fertilizer 
application and the interaction effect of the two (Table 3). 

The analysis of variance showed that there was no 


significance difference on the interaction effect of 
varieties with timing of nitrogen fertilizer application in 
thousand seed weight, number of panicles/m*, number of 
spikelets/panicle, ripening ratio and paddy yield (P<0.05). 
The main effect of variety showed that there were 
significance difference in thousand seed weight and 
number of spikelets/panicle only. 


Yield and Yield Component 


Split application of nitrogen fertilizer showed significance 
difference on thousand seed weight, number of 
panicles/m’, number of spikelets/panicle and paddy yield 
(Table 4). Application of nitrogen fertilizer at 4% sowing+ % 
at early tillering and % at sowing + % active tillering gave 
the highest value of number of panicles/m?, number of 
spikelets/panicle and paddy yield. This attributed to 
highest yield which is relates with the high number of 
panicles and spikelets/panicle. This report is supported 
by Fageria (2007) and Fageria (2009), highly significant 
relation between grain yield and panicle number. Hence 
application of nitrogen at active tillering and panicle 
differentiation stage may make the plant to develop 
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Table 4. Yield and Yield Component 


1000 seed No. No. Ripening Yield 
Varieties wt gm _—panicle/m? ___spikelets/panicle _ratio/%/ —_ton/ha 
Toyohatamochi 28.83 257 83> 74.6 4.57 
NERICA 4 26.55 251 i Tea 4,42 
LSD (5%) 0.49 15.33 7.37 3.8 0.396 
significance sa ns i ns ns 
N split 
St+ET 21° 2718 o7* reat 5.09? 
S +AT 2768 282° 862 74.7 5.008 
S+PD 28.48 240° 78° 730 4,02> 
S+AT+H 27.4% 223) 87% 72.4 3.85> 
LSD (5%) 0.688 21.68 11.28 D0 0.559 
significance sai a * ns a 
Variety X N split ns ns ns ns ns 
CV (%) 2.01 6.89 10.46 oie, 10.05 


Means within a column followed by same letter/s are not significantly different at p<0.05. 
*: significantly different at 0.05 probability; ns: no significant difference at p<0.05. 
S+ET; % sowing+ ¥% at early tillering, StAT; 12 at sowing + % active tillering, 12 sowing + 12 panicle differentiation 


and % sowing + % at active tillering + % at heading. 


strong and active panicles which helps to take the 
assimilates from leaf and or stem to panicle. Finally it 
leads to the high 1000 seed weight. 


CONCLUSION 


Timing of nitrogen fertilizer has significance effect on the 
yield and yield component of upland rice. Timing of 
nitrogen fertilizer half at sowing plus half at early tillering 
and half at sowing plus half at active tillering gave the 
highest of number of panicles/m? and number of 
spikelets/panicle compared with other nitrogen timing. 
Application of nitrogen fertilizer at half at sowing plus half 
at active tillering stages gave highest paddy yield. Further 
investigation should be done for years to know the 
climatic effect. 
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